Physical Performance and Hospital Use in PACE
O ver the past 5 years there has been a major change in the allocation of Medicaid spending on long-term services and support in the United States. From 2009 to 2014, spending on institutional long-term care (ie, nursing homes and mental health facilities) decreased by 0.2% whereas spending on homeand community-based services increased by 6.3%-a shift of nearly $21 billion dollars. 1 Annual Medicaid expenditure for community-based care now exceeds spending for institutional care, a shift bolstered by language within the Affordable Care Act that promoted greater access to long-term services and support for Medicaid beneficiaries. 2 One of the fastest growing segments of home-and community-based services is the Program of All-Inclusive Care for the Elderly (PACE). 3 PACE is specifically designed for dual Medicare/Medicaid-eligible adults who meet criteria for nursing home institutionalization but instead receive coordinated, comprehensive services under a community-based managed care program. These services include primary care, medications, rehabilitation, case management, and nursing services delivered under a capitated payment model. 4 PACE participants receive daily transportation to a community day facility, participate in medical and social activities, and are returned home each day. Each facility that manages PACE participants draws from specific geographic regions or zip codes within a given state.
Reducing risk for all-cause hospitalization is a key goal for PACE programs, 5 due to the high cost of hospitalization and the relationship between hospitalizations and downstream events such as permanent institutionalization in a nursing home. 6 Dual Medicare/Medicaid-eligible beneficiaries are hospitalized at higher rates than Medicare-only beneficiaries. In addition, when limiting to hospitalizations considered potentially avoidable in Medicare quality metrics, the rate of admission is more than double that of the Medicare-only population. 7 Therefore, identifying those at risk in a way that allows targeted resource allocation could be a meaningful prevention effort. Although the relationship between medical complexity and hospitalization has been established, little research has evaluated the relationship between physical function and hospitalization risk in PACE populations.
One previous quality improvement project evaluating care delivery in PACE found that focusing more specifically on physical function in patient care plans and increasing utilization of rehabilitation services was associated with reduced rates of hospitalization and emergency department use. 8 However, no actionable guidelines were elucidated to help identify those at risk and target resources accordingly. Identifying potentially addressable risk factors for hospitalization has significant clinical and policy implications; recently, the Centers for Medicare & Medicaid Services (CMS) has introduced potentially avoidable hospitalizations as a proposed quality metric for postacute and long-term care facilities. 7 Use of physical performance data might help to better identify PACE participants at risk for hospitalization, independent of the risk conferred by comorbidity. These data might also identify those with a high degree of vulnerability to potentially avoidable hospitalizations (PAH), or hospitalizations deemed by Medicare to be potentially amenable to more coordinated primary care management such as fall-related trauma or pneumonia. Thus, the purpose of this study is to determine if physical performance scores are independently associated with both all-cause hospitalization risk and PAH risk among PACE participants. We hypothesized that lower physical performance would be an independent risk factor for both all-cause and potentially avoidable hospitalizations among PACE participants.
Methods

Design
This was a retrospective cohort study of PACE participants in a PACE organization (InnovAge) based in Denver, Colorado. Data were drawn from a common electronic medical record (EMR) system and internal facility claims data provided to CMS. The available EMR data included demographic variables, functional status, and variables related to risk stratification for this population, such as Medicare and Medicaid eligibility data and comorbidity counts. Because the PACE is also the payer for hospitalizations, the PACE facility claims data used for this study included all hospital admissions for which the PACE program was billed. These data are comprehensive and included information about the admitting hospital, length of stay, and reason for admission. EMR data and claims data were linked by a patient record number common to both sources.
Participants
We extracted records of PACE participants in the 4 Denver-area facilities who were enrolled continuously and remained alive between May 1, 2015, and August 31, 2016, resided in community settings, and had undergone at least one comprehensive annual assessment including physical performance testing within this time frame. Participants were excluded if there was <90 days between data collection start and index SPPB testing to allow for evaluation of prior hospitalizations.
Outcome Variable
The primary outcome of interest was time to all-cause hospitalization. Time to hospital admission was defined as the time between a PACE participant's first index functional assessment and the date of the first hospital admission. Data for participants were censored at 365 days if the time between index functional assessment and the end of data collection was >1 year. Reason for Physical Performance and Hospital Use in PACE hospitalization was determined using the International Classification of Diseases, Ninth Revision (ICD-9), or the International Classification of Diseases, Tenth Revision (ICD-10), diagnostic codes on the internal facility claims data. We mapped ICD-9 and ICD-10 codes to Clinical Classifications Software codes as defined by the Agency for Healthcare Research and Quality coding guidelines 9 to report reasons for all-cause hospitalizations.
PAH were defined using conditions in the PAH algorithm developed by CMS for long-term care participants. 7 Time to potentially avoidable hospitalization was calculated using the methodology above, censoring the data at the time of non-PAH hospitalizations to account for competing risk. Briefly, PAH are generally defined as hospital admissions for conditions that are believed to be amenable to outpatient management for long-term care (eg, heart failure exacerbations) versus conditions that are truly acute (eg, cerebrovascular accidents). Diagnosis codes for traumatic fractures or fall-related injuries are also considered potentially avoidable in this algorithm for long-term care participants. We chose to use the PAH diagnosis codes specific to institutional long-term care populations because PACE participants are similar in a number of important ways. They are nursing home-eligible patients who are daily transported to day facilities to receive a high volume of supervised care including skilled rehabilitation, physician services, and nursing services. When PACE participants leave the facility, housing modifications and overnight supervision are also available to those patients who require it.
Primary Predictor of Interest
The primary predictor of interest for this study was physical performance, assessed using Short Physical Performance Battery (SPPB) scores. The SPPB is a composite measure of lower body strength, self-selected walking speed, and balance scored on a scale from 0 to 12, with lower scores indicating greater functional impairment. 10 The SPPB was measured on a standardized course set up in each facility by physical therapists who had been trained on this measure using a standardized curriculum. The SPPB is measured for each patient annually in each PACE facility within our sample as part of standard practice and documented in the EMR. We categorized participants as having high functional impairment (scores <4/12 on the SPPB), moderate functional impairment (scores of 4/12 to 7/12), and low functional impairment (scores ≥8/12) on the basis of clinically meaningful cutpoints for older adults.
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Potential Confounding Variables
To account for other variables known to influence hospitalization risk, we extracted Patient Health Questionnaire (PHQ-9) scores to quantify depressive symptoms, 12 and the St Louis University Mental Status (SLUMS) Exam scores to quantify cognitive impairment. 13 We also included the most recent total number of Hierarchical Condition Categories present for each participant as a measure of multimorbidity. Hierarchical Condition Category codes are used by CMS for risk stratification in PACE populations 14 and are associated with hospitalization risk and health care expenditures. 15 Each of these clinical variables is documented at annual assessments for PACE participants. Age, sex, 90-day prior hospitalizations, and original reason for Medicare entitlement (disability vs age entitlement) were extracted from the EMR and documented for each participant. Prior hospitalizations were assessed using facility claims data.
Data Analysis
Descriptive statistics for the sample were calculated. Hierarchical Condition Category code totals were categorized into tertiles, and depression scores were dichotomized as ≥10 or ≤9 to indicate the presence or absence of major depressive symptoms, respectively. 12, 16 Differences between hospitalized and nonhospitalized PACE participants were calculated using independent sample t tests or χ 2 test/Fisher exact test for continuous or categorical variables, respectively. Candidate variables from univariable analysis (P < .10) were included in the multivariable model, as well as age, sex, and prior hospitalization.
Cox proportional hazards models were used to estimate the unadjusted and adjusted hazard ratios (HRs) for hospitalization based on SPPB score categories. Ties were handled in the model using the Breslow method. To ensure there were no violations of the proportional hazards assumption, Schoenfeld residuals and time by variable interaction terms were evaluated for each predictor in the multivariable model. No evidence for nonproportionality of the hazards was found (P > .05 for all interaction terms). Adjusted survival curves were plotted for each SPPB score category, while holding other explanatory variables at the mean or reference values for continuous and categorical variables, respectively. The above analysis was then repeated limiting the hospitalization outcome to only those who experienced a potentially avoidable hospitalization. Statistical analysis was conducted with SAS 9.4 (SAS Institute Inc, Cary, North Carolina, USA) and graphics were created in R version 1.1.183 (R Project; https://www.r-project.org/). 
Role of the Funding Source
Physical Performance and Hospital Use in PACE Results
Demographic features for the sample population (N = 1093) are shown in Table 1 . In general, the average PACE client was 75 years old, had SLUMS scores indicative of impaired cognitive status, and had not been hospitalized in the prior 3 months. Approximately 16% of the PACE participants (n = 176) in this sample experienced a hospitalization in the 1 year following the index functional assessment; the median time to hospitalization was 170 days.
Reasons for all-cause hospitalization were assessed using Clinical Classifications Software codes. The top 3 reasons for hospitalization, representing 36% of all hospitalizations in this sample, were heart conditions (including heart failure exacerbations), bacterial infections (including sepsis), and traumatic fractures. Seventy-three (41%) of the hospitalizations were considered PAH using the established CMS algorithm. The top 3 reasons for PAH, accounting for 53% of all potentially avoidable admissions, were falls/trauma (66.7% of which were fractures of the femur), congestive heart failure, and dehydration/acute renal failure (Tab. 2).
In univariable analyses, patients who were hospitalized had more comorbidities, were more likely to have been entitled to Medicare originally on the basis of disability, and scored lower on the SPPB. The unadjusted likelihood of hospitalization increased with greater physical performance impairments (SPPB scores ≥8/12: 12.2%; SPPB scores of 4/12 to 7/12: 15.7%; SPPB scores <4/12: 21.1%). There were no significant differences in positive depression screens or SLUMS scores between hospitalized and nonhospitalized PACE participants (Tab. 1). Table 3 shows the results of the Cox proportional hazards regression modeling. In the unadjusted Cox regression models, participants with low SPPB scores (<4/12) had a significant 99% increase in hazards for hospitalization (HR = 1.99; 95% CI = 1.34-2.96) compared with those with the highest SPPB scores (≥8/12). Compared with those with moderate SPPB scores (between 4/12 and 7/12), participants with low SPPB scores had a significant 45% increase in hospitalization risk (HR = 1.45; 95% CI = 1.04-2.03).
In the adjusted Cox models, lower SPPB scores remained associated with higher risk for hospitalization. PACE participants with the lowest SPPB scores had a significant 87% greater hazard for hospitalization compared with participants with the highest SPPB scores (HR = 1.87; 95% CI = 1.24-2.84). Compared with those with moderate SPPB scores, those with the lowest had a nonsignificant 33% greater hazard for hospitalization (HR = 1.33; 95% CI = 0.95-1.88). Survival curves began to diverge after 100 days (Figure) . Beyond physical function, the only other significant predictor of hospitalization in the multivariable model was having a greater number of comorbidities.
When limiting the outcome to only PAH, the relationship between low physical performance and higher hospitalization risk strengthened. In the univariable Cox regression models with avoidable hospitalization as the outcome, those with the lowest SPPB scores had a significant 187% increase in hospitalization rates compared with those with the highest SPPB scores (HR = 2.87; 95% CI = 1.47-5.60). A nonsignificant increase in hospitalization rate was observed for patients in the lowest SPPB score category compared with the moderate scores (HR = 1.48; 95% CI = 0.90-2.45). In the adjusted models, the lowest SPPB scorers continued to have a significantly greater hazard for hospitalization (HR = 2.27; 95% CI = 1.13-4.59) compared with the highest scorers. No significant differences were observed between other categories (Tab. 3). Other significant predictors of higher PAH risk were male sex and having more comorbidities.
Discussion
This study is the first, to our knowledge, to evaluate relationships between objectively measured physical performance and both all-cause and potentially avoidable hospitalizations in the PACE population. The key finding from this study is that physical performance impairment, independent of comorbidity, imparts significantly greater unadjusted and adjusted hazards for hospitalization within PACE participants. These findings are consistent with our initial hypothesis, and have both clinical and financial implications for PACE providers. The findings also suggest a future role for physical therapists in designing effective screening and intervention programs for older adults participating in PACE and other similar community-based long-term care programs.
The mechanisms by which physical performance impairment and hospitalization risk are linked have not been well established. However, because of strong relationships between physical performance measures and the aging process, these assessments could represent "vital signs" for older adults 17, 18 and provide a quick assessment of overall health status. Higher functional ability, therefore, might represent a greater functional reserve and more resilience to adverse events such as hospitalization. Conversely, SPPB scores <4/12 might reflect low functional reserve, and therefore be consistent with the geriatric syndrome of frailty. 19 Indeed, the classical frailty phenotype described by Fried includes slow gait speed and muscle weakness, 20 both of which are assessed on the SPPB. Frailty predicts risk of downstream health consequences in older adults independent of comorbidity status; 21 this concept, thus, lends context to our findings that impaired physical performance, independent of comorbidity, predicts hospitalization risk in adults participating in PACE. Prior research has shown that PACE participants have significantly greater functional impairments than community-dwelling older adult populations. 22 However, the relationship between impaired physical performance and higher risk for potentially avoidable hospitalizations in PACE settings has not previously been described. Prior studies have suggested that activities of daily living (ADL) function at postacute-care discharge is associated with potentially preventable hospital readmissions; however, these studies did not evaluate adults residing in long-term care settings nor did they use physical performance measures. 23, 24 Based on the results of this study, it is likely that impairments in physical performance constitute a valuable biomarker to identify PACE participants that are vulnerable to hospitalization, and could be used to prompt more aggressive interdisciplinary evaluations and interventions.
Physical Performance and Hospital Use in PACE
The findings of this study have significant clinical implications for PACE providers. PACE programs currently assess function across all participants using a modified version of the Medicare Health Outcomes Survey. The number of ADL limitations reported by patients or caregivers on this tool is used as part of CMS payment adjustments for PACE programs. 15 Prior research has suggested that the degree of disability on ADL assessments is often underestimated by older adults using self-report tools. 25 Thus, PACE programs that use only ADL assessments to screen functional status lack sensitivity to accurately identify patients who are at high risk. Results of these ADL assessments are also not provided by CMS to PACE clinicians in real time, thereby delaying or eliminating opportunities to proactively intervene on impairments.
How best to use SPPB information to guide improvements in clinical management for older adults in PACE programs Physical Performance and Hospital Use in PACE is unclear. Previous researchers have posited that assessments of physical performance are best used as a general health assessment and not as targets for intervention. 17 However, it is highly plausible that impaired physical function is modifiable in many patients, even those highly disabled populations participating in PACE. 26 Routine screening of function might identify those in need of more medical resources, which could include, but not be limited to, rehabilitation services. Although participation in skilled rehabilitation is likely to improve physical function or slow decline for these patients, the published literature is mixed on whether improvements in physical function change hospitalization rates in any meaningful way. Enhancing interdisciplinary focus on physical function, increasing the availability and use of rehabilitation services, and more regularly assessing Physical Performance and Hospital Use in PACE functional impairment is associated with higher ADL performance and a lower frequency of hospitalization, emergency room use, and institutionalization. 8 However, another study showed that exercise interventions were ineffective at lowering rates of hospitalization in older adult populations, 27 despite reducing mortality rates for patients with significant movement impairments. 28 Clinical trials are needed to determine if interventions to improve physical function or ameliorate functional decline can reduce downstream health care costs or hospital use within PACE programs.
Implications for Physical Therapist Practice
The robust relationship between impaired physical performance and rates of hospitalization in PACE participants suggests a major opportunity for physical therapists practicing in community-based long-term care settings. Whereas PACE programs have small, albeit growing, populations, there are also a significant number of dual-eligible older adults participating in other homeand community-based service programs for whom these results are applicable. Physical therapists could use the findings of this study to optimize frequency and timing for physical performance testing within long-term services and support populations, and additionally contribute to the development of interdisciplinary pragmatic interventions or new care pathways to address the high levels of functional impairment observed in this population.
Strengths and Limitations
One of the key strengths of this data set is its size; it is, to our knowledge, the largest single data set of physical performance measures in a population of adults receiving long-term services and support. These data were collected in a standardized way across all patients as part of routine clinical assessments, which suggests that such collection is feasible and could be implemented easily into clinical practice.
The collection of these data in a single PACE provider network (multiple PACE facilities run by a common Physical Performance and Hospital Use in PACE owner) is both a strength and a limitation of the data set. The strength is the minimal variation in care delivery and clinical processes between the facilities, but the weakness is potential lack of generalizability outside the state of Colorado or outside of this provider network. Different states have different guidelines for Medicaid eligibility that cannot be accounted for in this current study. In addition, comorbidity coding in administrative data sets has limitations, and certain comorbidities could have been over-or underrepresented commensurate with payment guidelines. Other potentially important variables related to hospitalization risk, such as social support, are not accurately captured in EMR data and could not be controlled for in the current analysis.
Conclusion
This study is among the first to identify the relationship between impaired physical performance and elevated hospitalization risk in a population of adults receiving PACE services. Impaired physical performance has additive value in identifying hospitalization risk independent of comorbidity status. PACE programs could use physical performance measures in addition to other routine clinical assessments to better identify participants at elevated risk for hospitalization. Additional research is needed to determine what interventions and policy changes are most effective for managing functional impairments in PACE populations.
